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TNT THE CLAIMS : 
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1. (Currently Amended) An improved initialization method for a communication system 
comprising the steps of: 

estimating a timing offset utilizing non-data aided correlation with an entire received DMT 
frc^Tti ^^ wherein the timing offeet further comi^rises an integer timing offset axid a fractional 
timing offset : and 

estimating a channel impulse response utilizing at least one pilot tone, wherein the received 
DMT frame further comprises the at least one pilot tone. 

2. (Original) The method of claim 1, wherein the steps of estimating a timing offset and 
estimating a channel impulse response are performed substantially simultaneously. 

3. (Original) The method of claim 1, wherein the received DMT frame comprises a plurality 
of DMT frames. 

4. (Original) The method of claim 1. wherein the at least one pilot tone further comprises a 
plurality of pilot tones, 

5. (Original) The method of claim 1, wherein the step of estimating timing offset 
information further comprises the steps of: 

transmitting a pluraUty of DMT frames of length N+LP, where N is equal to the number of 
samples comprising the DMT symbol and LP is equal to the number of samples comprising a 
cyclic prefix; 

receiving the plurality of DMT frames at a receiver; 

performing interpolation on the received DMT frames; and 

estimating an integer timing offset and a fractional timing offset from the DMT frames 
utilizing non-data aided maximum likelihood congelation with a pre-stored frame of length 
N+LP. 
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6. (Original) The method of claim 5, further comprising the step of correcting for the integer 
timing offset in the time-domain, 

7. (Original) The method of claim 5, further comprising the step of correcting for the 
fractional timing offset in the firequency-domain. 

8. (Original) The method of claim 1, wherein the step of estimating the channel impulse 
response further comprises the steps of: 

transmitting a plurality of DMT firames comprising a plurality of known pilot tones; 

receiving the DMT firames coincident with modem synchronization; and 

estimating the channel impulse response utilizing MMSE criterion through the pilot tones. 

9. (Previously Amended) The method of claim 8, farther comprising synthesizing a 
jErequency domain equalizer based on the estimation of the channel impulse response. 

10. (Previously Amended) The method of claim 9, wherein the channel impulse response is 
padded with zeroes to accommodare for circular convolution prior to synthesizing the frequency 
domain equalizer. 

1 1 . (Original) The method of claim 8, wherein the plurality of pilot tones further comprises 
pilot tones modulated with a known symbol. 

12. (Currently Amended) An improved method of estimating a timing offset comprising the 
steps of: 

receiving an entire DMT frame; and 

utilizing the entire received DMT frame to estimate the timing offset through non-data aided 
correlation. 

13. (Original) The method of claim 12, wherein the received DMT frame comprises a 
plurality of DMT frames. 
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14. (Original) The method of claim 12, further comprising the steps of: 

transmitting a plurality of DMT frames of length N+LP, where N is equal to the number of 
samples comprising the DMT symbol and LP is equal to the number of samples comprising a 
cycUc prefix; 

receiving the plurality of DMT frames at a receiver; 

performing interpolation on the received DMT frames; and 

estimating an integer timing offset and a fractional timing offset from the DMT frames 
utilizing non-data aided maximum likelihood correlation with a frame of length N+LP. 

15. (Original) The method of claim 14, further comprising conrecting for the symbol timing 
offset in the time-domain responsive to the integer timing offset. 

16. (Original) The method of claim 14, further comprising conecting for the sample timing 
offset in the frequency-domain responsive to the fractional timing offset. 

17. (Previously Amended) An improved method of estimating a channel impulse response 
comprising the steps of: 

receiving a DMT frame during modem synchronization, the DMT frame further comprising 
at least one pilot tone; 

utilizing the at least one pilot tone to estimate the channel impulse response. 

18. (Original) The method of claim 17, wherein the received DMT frame comprises a 
plurality of DMT frames. 

19* (Original) The method of claim 17. wherein the at least one pilot tone flirther comprises 
a plurality of pilot tones. 

20, (Original) The method of claim 1 7, further comprises estimating the channel impulse 
response utilizing Minimum Mean Square Error criterion for the known pilot tones. 
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21. (Previously Amended) The method of claim 20, further comprising synthesizing a 
frequency domain equalizer based on the estimation of the channel impulse response. 

22. (Previously Amended) The method of claim 21, wherein the channel impulse response is 
padded with zeroes to accommodate for circular convolution prior to synthesizing the frequency 
domain equalizer. 

23. (Original) The method of claim 20, wherein the plurality of pilot tones fiirther comprise 
pilot tones modulated with a known symbol. 

24. (Cuiiently Amended) An improved initialization method for modem communication 
comprising the steps of: 

l^ transmitting a plurality of DMT frames of length N+LP, where N is equal to the number of 

samples comprising the DMT symbol and LP is equal to the number of samples comprising a 
cyclic prefix 

transmitting a plurality of pilot tones within the plurality of DMT frames; 
receiving the plurality of DMT frames at the receiver; 

extracting timing offset information from the DMT frames through non-(j^t^ ajd^^^ 
correlation with a pre-stored DMT frame, wherein coirelation is performed using the entire DMT 
frame of N+LP samples; 

performing interpolation on the received DMT frames resulting in an integer timing offset 
and a fractional timing offset; and 

estimating the channel impulse response fix>m the plurality of pilot tones within the received 

DMT frames. 

25. (Original) The method of claim 24, jfUrther comprising: 

correcting for a symbol timing offset in the time-domain responsive to the integer timiog 
offset; and 

correcting for a sample timing offset in the frequency-domain responsive to the fractional 
timing offset. 
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26. (Previously Amended) The method of claim 24, further comprises synthesizing a 
frequency domain equalizer based on the estimation of the channel impulse response, 

27. (Previously Amended) The method of claim 26, wherein the channel impulse response is 
padded with zeroes to accommodate for circular convolution prior to synthesizing the frequency 
domain equalizer. 

28. (Original) The method of claim 24, wherein the plurality of pilot tones further comprise 
pilot tones modulated with a known symbol. 




29. (Currently Amended) An improved initialization method for modem communication 
comprising the steps of: 

transmitting a plurality of DMT frames of length N+LP, where N is equal to the number of 



samples comprising the DMT symbol and LP is equal to the number of samples comprising a 
cyclic prefix 

transmitting a plurality of known symbols over L known pilot tones within the plurality of 
DMT frames; 

receiving the plurality of DMT frames at the receiver; 
perfonning interpolation on the received DMT frames; 

estimating an integer timing of&et and a fractional timing offset from the DMT frames 
through non-data aided coirelation with a pre-stored DMT frame, wherein correlation is 
performed using the entire DMT frame of N+LP samples; 

correcting for a symbol timing offset in the time-domain responsive to the integer timing 
offset; 

correcting for a sample timing offset in the frequency-domain responsive to the fractional 
timing offset; 

estimating the channel impulse response utilizing the L pilot tones within the received DMT 
frames; 

padding the channel impulse response with (N-L) zeroes; and 

synthesizing a 1-tap frequency domain equalizer based on the channel impulse response. 
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30. (Currently Amended) An improved system for modem communication comprising: 

a timing offset estimator adapted to estimate a timing offset utilizing an entire received DMT 
frnmp, wlieretn the timing offset further comnrises a n integer timing offset and a fractional 
timing offset ; and 

a channel impulse response estimator adapted to estimate a channel impulse utilizing at least 
one pilot tone, wherein the received DMT frame further comprises the at least one pilot tone. 

31. (Original) The system of claim 30, wherein the timing offset estimator and the channel 
impulse response estimator are adapted to operate substantially simultaneously. 

32. (Original) The system of claim 30, wherein the received DMT frame comprises a 
plurality of DMT frames, 

33. (Original) The system of claim 30, wherein the at least one pilot tone further comprises a 
plurality of pilot tones. 

34. (Original) The system of claim 30, wherein the timing offset estimator further comprises: 
a transmitter adapted to transmit a plurality of DMT frames of length N+LP, where N is 

equal to the number of samples comprising the DMT symbol and LP is equal to the number of 

samples comprising a cyclic prefix; 

a receiver adapted to receive the plurality of DMT frames; 

an interpolator adapted to perform interpolation on the received DMT frames; and 

a correlator adapted to estimate an integer timing offset and a fractional timing offset from 

the DMT frames utilizing non-data aided maximum likelihood correlation with a pre-stored 

frame of length N+LP. 

35. (Original) The system of claim 34, further comprising a symbol clock correction circuit 
adapted to correct a symbol timing offset in the time-domain responsive to the integer timing 
ofifset. 
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36. (Original) The system of claim 34, fiiither comprising a rotor-deby coirection circuit 
adapted to correct a sample timing offset in the frequency-domain responsive to the fractional 
timing offset. 

37. (Original) The system of claim 30, wherein the channel impulse response estimator 
estimates the channel response utilizing a Minimum Mean Square Error criterion of the known 
pilot tones. 

38. (Previously Amended) The system of claim 37, fiirther comprising a synthesizer adapted 
to synthesize a frequency domain equalizer based on the estimation of the channel impulse 
response. 

39. (Previously Amended) The system of claim 38, wherein the channel impulse response is 
padded with zeroes to accommodate for circular convolution prior to synthesizing the frequency 
domain equalizer. 

40. (Original) The method of claim 37, wherein the plurality of pilot tones fiirther comprise 
pilot tones modulated with a known QAM symbol. 

41 . (Previously Amended) An improved system for estimating a timing offeet utilizing aen- 
data aided correlation with an entire received DMT frame. 

42. (Original) The system of claim 41, wherein the received DMT frame comprises a 
plurality of DMT frames. 

43. (Original) The system of claim 41, wherein the timing offset estimator further comprises: 
a transmitter adapted to transmit a plurality of DMT frames of length N+LP, where N is 

equal to the number of samples comprising the DMT symbol and LP is equal to the number of 
samples comprising a cyclic prefix; 

a receiver adapted to receive the plurality of DMT frames; 
an interpolator adapted to perform interpolation on the received DMT frames; and 
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a coirelator adapted to estimate an integer timing offset and a fractional timing offset from 
the DMT frames utilizing non-data aided maximum likelihood correlation with a pre-stored 
frame of length N+LP. 

44. (Original) The system of claim 43, further comprising correcting a symbol clock 
correction circuit adapted to correct a symbol timing offset in the time-domain responsive to the 
integer timing offset. 




45. (Original) The system of claim 43, further comprising a rotor-delay correction circuit 
\- adapted to correct a sample timing offset in the frequency-domain responsive to the fractioixal 
timing offset. 



46. (Original) An improved system for estimating a channel impulse response utilizing at 
least one pilot tone, wherein a received DMT frame further comprises the at least one pilot tone 
and the DMT frame is received during modem synchronization. 

47. (Original) The system of claim 46, wherein the received DMT frame comprises a 
plurality of DMT frames. 

48. (Original) The system of claim 46, wherein the at least one pilot tone further comprises a 
plurality of pilot tones. 

49. (Original) The system of claim 46, wherein a channel impulse response estimator 
estimates the channel response utilizing a Minimum Mean Square Error criterion of the known 
pilot tone$. 

50. (Previously Amended) The system of claim 49, further comprising a synthesizer adapted 
to synthesize a frequency domain equalizer based on the estimation of the channel impulse 
response. 
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51. (Previously Amended) The system of claim 50, wherein the channel impulse response is 
padded with zeroes to accommodate for circular convolution prior to synthesizing the jSrequency 
domain equalizer. 

52. (Original) The system of claim 46, wherein the plurality of pilot tones further comprise 
pilot tones modulated with a known symbol. 

53. (Currently Amended) An improved system for modem communication comprising the 
steps of: 

a transmitter adapted to transmit a plurality of DMT frames of length N+LP, where N is 
equal to the tiumber of samples comprising the DMT symbol and LP is equal to the number of 
samples comprising a cyclic prefix 

the transmitter adapted to transmit a plurality of pilot tones within the plurality of DMT 
frames; 

a receiver adapted to receive the plurality of DMT; 

a timing offset estimator adapted to estimate a timing offset from the DMT frames through 
non-data aided correlation with a pre-stored DMT frame, wherein correlation is performed using 
the entire DMT frame of N+LP samples; 

an interpolator adapted to interpolate the received DMT frames resulting in an integer timing 
offset and a fractional timing offset; and 

a channel impulse estimator adapted to estimate Hic channel impulse response from the 
plurality of pilot tones within the received DMT frames, 

54. (Original) The system of claim 53, further comprising: 

a symbol clock correction circuit adapted to conrect a symbol timing offset in the time- 
domain responsive to the integer timing offset; and 

a rotor-delay correction circuit adapted to correct a sample timing offset in the frequency- 
domain responsive to the fractional timing offset. 
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55. (Previously Amended) The system of claim 53, further comprising a synthesizer adapted 
to synthesize a frequency domain equalizer based on the estimation of the channel impulse 
response. 

56. (Previously Amended) The system of claim 55, wherein the channel impulse response is 
padded with zeroes to accommodate for circular convolution prior to synthesizing the frequency 
domain equalizer, 

57. (Original) The system of claim 53, wherein the plurality of pilot tones further comprise 
pilot tones modulated with a known symbol. 



58. (Currently Amended) An improved system for modem communication comprising: 

a transmitter adapted to transmit a plurality of DMT frames of length N+LP, where N is 
equal to the number of samples comprising the DMT symbol and LP is equal to the number of 
samples comprising a cyclic prefix 

the transmitter transmitting a plurality of known symbols over L known pilot tones within the 
plurality of DMT frames; 

a receiver adapted to receive the plurality of DMT frames; 

on inteipolator adapted to interpolate the received DMT frames; 

a timing offset estimator ads^ted to estimate an integer timing offset and a fractional timing 
offset from the DMT frames through non^data aided correlation with a pre-stored DMT frame, 
wherein correlation is performed using the entire DMT frame of N+LP samples; 

a symbol clock corrector circuit adapted to correct a symbol timing offset in the time-domain 
responsive to the integer timing offset; 

a delay-rotor circuit adapted to correct a sample timing offset in. the frequency-domain 
responsive to the fractional timing offset; 

a channel impulse response estimator adapted to estimate the channel impulse response 
utilizing the L pilot tones within the received DMT frames; 

a circular convolution circuit adapted to pad the channel impulse response with (N-L) zeroes; 

and 

a synthesizer adapted to synthesize a frequency domain based on the channel impulse 
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response. ( 

59. (New) The method of claim 1 further comp rising performine interpolation on the 
y^ceived DMT frame. 

60. (New) The method of claim 1. wherein the s tep of estimatine the timing offset further 
comprises: 

pfi^nrming interpolation on the received DMT frame: and 

Actimatm p an integer ti min p offset and a fractional timing offset from the DMT frame 
utiliane non-data aided maximum likelihood corre lation with a pre-stored frame. 

61. ^ew) The method of claim 60. farther comp rising the aten of correcting for the integ^ 
timing offset in the time-domain. 

62. (New) T^e method of claim 6 0 - further contpiising the step of POireCtinB for the 
ly^rt^ATiiil timing offket in the freouencv-dorown, 



a-^ rK^w) The system fff flAim 30. fiirther comnrisinp. an interoolator adapted to PCrfom 

interpolation on the received DMT frame- 
fid (New^ The system of claim 30 fiirther comprising: 

an interpolator adapted to perform interpolation on the re ceived DMT frame: and 

^ correlator adapted to estimate an integer timing offset and a fr actional timing offset fiqm 

the DMT frames utilizing non-data aided maximum likelih ood coirelatjon with a pre-stored 

frame. 

65. (New) The system of claim 64. further comprising a symbol clock corr ection circuit 
ada pted to correct a symbol timing offset in the time-domain responsive to the integer 
timing offset. 
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i 66. (New) The system of claim 64. further co mprising a rotor-delav correction circuit 
iiH^ ptf^ to correct a sample timing offset in the freQuencv-domain responsive to the 
fractional timing offset. 



13 



PA6E17/22»RCVDAT7/7120M3:40:21PM[EastemDayl^^^^ 



